REMARKS 

This Preliminary Amendment cancels the original claims, without prejudice, in the 
underlying PCT Application No. PCT/EP2004/052180. The Preliminary Amendment also adds 
new claims 14-26. The new claims conform the claims to U.S. Patent and Trademark Office 
rules and do not add new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification (including 
the Abstract) contains no new matter. The amendments reflected in the Substitute Specification 
(including Abstract) are to conform the Specification and Abstract to United States Patent and 
Trademark Office rules or to correct informalities. As required by 37 C.F.R. §§ 1 . 1 2 1 (b)(3)(ii) 
and 1.125(c), a Marked-Up Version of the Substitute Specification comparing the Specification 
of record and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are respectfiiUy 
requested. 

The underlying PCT AppHcation No. PCT/EP2004/052180 includes an 
International Search Report, dated February 10, 2005, a copy of which is submitted herewith. 

Applicants assert that the subject matter of the present application is new, non- 
obvious, and usefiil. Prompt consideration and allowance of the application are respectfiiUy 
requested. 

RespectfiiUy submitted. 



KENYON & KENYON LLP 



Dated: ^Ipn)^^ By: J C 



Gerard A. Messina 
Reg. No. 35,952 

One Broadway 

New York, NY 10004 

(212) 425-7200 



NYOI 1090131 vl 



6 



10^^73602 




[10191/4214] 



IGNITION COIL FOR A GASOLINE ENGINE 
AND METHOD FOR ITS MANUFACTURE 



Background Informati e ftF/g/t/ Of Tlie Invention 

The present invention relates to an ignition coil for a gasoline engine including a coil core on 
which at least one winding layer of a primary winding is wound up. At least one winding layer 
of a secondary winding is wound onto the at least one winding layer of the primary winding. 

5 Background In formation 

Moreover, the present invention relates to an ignition coil for a gasoline engine including a coil 
core on which at least one winding layer of a secondary winding is woimd up. At least one 
winding layer of a primary winding is wound onto the at least one winding layer of the 
secondary winding. 

10 Finally, the present invention relates to a method for manufacturing an ignition coil for a 
gasoline engine. 

Such an ignition coil represents a power-transmitting high voltage source and is used in a 
gasoline engine for activating the spark plug, which in turn ignites the fuel mixture in the 
engine's combustion chamber, thereby initiating the movement of the piston and thus the crank 
1 5 shaft. 

In principle, an ignition coil is made up of two windings having differing numbers of turns 
which - supported by an iron core or a similar coil core — are magnetically coupled with one 
another. The winding having the smaller number of tums is referred to as the primary winding 
and the one having the greater nimiber of tums is referred to as the secondary winding. The 
20 primary winding is used as an excitation winding, receives its power from the car battery, and 
is activated by the engine management via an electronic switch. 

A high voltage is generated in the secondary winding due to a selective interruption in the 
primary circuit, the high voltage being relayed to the spark plug, resulting there in a spark. 

As a rule, the primary winding and the secondary winding are situated concentrically on top of 
25 each other. One end of the secondary winding may lead to the high voltage terminal of the 
spark plug while the other end is connected to the ground potential. 
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From practice it i& also known that both ends of the secondary winding each lead to a high 
voltage output, i.e., one ignition coil operates two spark plugs simultaneously. This is known as 
a two-spark coil or also dual-spark coil. 

Due to the spark formation between its electrodes, the spark plug represents an interference 
5 source in terms of EMC (electromagnetic compatibility) and may thus negatively influence 
other components in the system formed by the vehicle electrical network. These interferences 
may spread in a line-bound manner as well as in a radiating manner, mostly the line-boimd 
portion being more important today. Electrical interference signals, caused by the spark 
formation, may travel Jfrom the spark plug via the ignition coil into the vehicle electrical 
10 network, for example. These signals couple from the secondary circuit of the ignition coil into 
the primary circuit, inductively as well as capacitively, thereby reaching the vehicle electrical 
network. Parasitic capacitances are formed between the primary winding and the secondary 
winding. 

It is possible in one-spark coils to "discharge" the interferences to the ground potential via a 
15 very good, i.e., a low-impedance ground connection of the low voltage side of the secondary 
winding, thereby disposing of the interferences. In addition, interference suppression may be 
achieved by interference-suppression resistors, interference-suppression inductances, and 
interference-suppression capacitances. 

However, the possibility of the secondary ground connection is omitted in two-spark coils and 
20 only the interference-suppression resistors and/or interference-suppression inductances and/or 
interference-suppression capacitances remain as interference suppression possibilities. 

A further means for interference suppression is an electrical shield between the primary 
winding and the secondary winding such as is known from network transformers, for example. 
In this instance, the shield is obtained using an electrically conducting foil which, however, 
25 may disadvantageously only be inserted between the two windings at a great production 
expense. 

Furthermore, the electrical connection of the foil to ground presents a problem. 
Summary O f The Invention 

The present invention is based on the object of providing an ignition coil for a gasoline engine 
30 and a method for its manufacture which, compared to known ignition coils, ensure(s) improved 
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shielding essentially without additional interference suppression components, also when 
operated as a two-spark coil. 

In addition, the ignition coil according to the present invention should be able to be easily 
manufactured from the technical point of view and the manufacturing method according to the 
5 present invention should be able to be easily executed. 

Advantages of th e Inv e ntion 

In the ignition coil according to the present invention, at least one winding layer of a shield 
winding is situated between the at least one winding layer of the primary winding and the at 
least one winding layer of the secondary winding. The shield winding ensures efficient 
10 interference suppression and reduces the use of the necessary interference suppression . 
components known from practice. 

Moreover, the application of a shield winding is less expensive than the known insertion of a 
shielding foil between the primary and secondary windings. 

A particularly efficient integration of the shield winding into the manufacturing process of the 
1 5 primary winding is achieved if the primary winding has at least two winding layers, the top 
winding layer of the primary winding, facing the secondary winding, forming a winding layer 
of the shield winding. 

Such an ignition coil for a gasoline engine may be manufactured in a simple manner by 
winding in a first step a first winding layer, e.g., of the primary winding, of an electrically 

20 conductive, insulated wire onto a coil core in a first winding direction. In a second step, at least 
one fiirther winding layer, e.g., of the primary winding, of the wire is wound up on the first 
winding layer in a second winding direction which is opposite to the first winding direction. 
The wire is cut through at the start of the top winding layer. This creates two free wire ends of 
the top winding layer which in turn forms a winding layer of a shield winding. Subsequently, a 

25 coil winding, e.g., of the secondary winding, detached and separate from the existing winding 
layers, e.g., of the primary winding, is wound up with at least one winding layer. 

Alternatively to this configuration, the secondary winding may also have at least two winding 
layers, the bottom winding layer of the secondary winding, facing the primary winding, 
forming a winding layer of the shield winding. 
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Also in the case of an ignition coil, in which at least one winding layer of a secondary winding 
is wound up on the coil core and onto which in turn at least one winding layer of a primary 
winding is wound, at least one winding layer of a shield winding may be situated between the at 
least one winding layer of the secondary winding and the at least one winding layer of the 
5 primary winding. 

An efficient integration of the shield winding into the manufacturing process of the primary 
winding is achievable for this configuration if the primary winding has at least two winding 
layers, the bottom winding layer of the primary winding, facing the secondary winding, 
forming a winding layer of the shield winding. 

1 0 Such an ignition coil may be manufactured in a simple manner by winding a first winding layer 
of an electrically conducting, insulated wire, e.g., of the primary winding, in a first winding 
direction onto a separate coil winding, e.g., of the secondary winding, with at least one winding 
layer. At least one fiirther winding layer of the wire, e.g., of the primary winding, is wound up 
on the first winding layer in a second winding direction which is opposite to the first winding 

1 5 direction. For forming two free wire ends of the first winding layer, the wire is cut through at 
the start of the first winding layer, e.g., of the primary winding. This creates a separate shield 
winding between the secondary and primary windings. 

The secondary winding may altematively have at least two winding layers, the top winding 
layer of the secondary winding, facing the primary winding, forming a winding layer of the 
20 shield winding. 

For reliable interference suppression, the shield winding is connected to the ground potential 
on least at one free end. The other free end may be attached to the ignition coil in an electrically 
insulated manner. 

It is particularly advantageous for the manufacturing process that, during a change in the 
25 winding direction, the wire may be secured in a holding device when transitioning to a fiirther 
winding layer. This facilitates handling and subsequent contacting, in particular when the wire 
is cut through and the shield layer is formed. One of the two free wire ends of the shield 
winding may be secured in the holding device and connected to the ground potential in a simple 
manner. 
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The holding, device may be situated on both ends of the coil core so that the wound up wire of 
the primary winding as well as the secondary winding maybe secured there. 

The holding device may advantageously include an IPCD (insulation piercing connecting 
device) which facilitates contacting. 

5 It should be explicitly pointed out at this point that the terms "primary winding" and 

"secondary winding" may basically be interchanged during the manufacture of an ignition coil 
because the "primary winding" and "secondary winding" functions are only assigned to the 
windings when the ignition coil is connected to the ignition circuit. Although primary and 
secondary windings often differ from one another with respect to their number of turns, the 
10 number of turns is always variable in the manufacture of an ignition coil and is, among other 
things, also dependent on the wire thickness. 

A more efficient integration of the shield into the ignition coil is achieved by the ignition coil 
according to the present invention and its manufacturing method. In this way, ignition coils, 
two-spark or dual-spark coils in particular, have an effective possibility of interference 
1 5 suppression which may not require additional interference suppression elements and which 
may be readily integrated into the ignition coil's normal manufacturing process. 

Drawing 

An ex e mplary e mbodim e nt of th e pr e s e nt inv e ntion is illustrat e d in th e drawing and e xplain e d 
in gr e at e r d e tail in th e subsequ e nt description. 

20 Brief Description Of The Drawings 

Fig. 1 F ig. 1 shows a schematic diagram which clarifies the principal configuration of an 
ignition system including a two-spark coil and interference suppression components!. 

Fig. 2 F ig, 2 shows a schematic side view and a half section of the configuration of a layer 
25 winding of a primary windingrxtfid. 

Fig. 3 Fig. 3 shows a schematic side view and a half section of the configuration of a shield 
winding. 
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Detailed Description of th e Exemplary Embodiment 

Figure 1 shows a schematic diagram which clarifies the principal configuration of an ignition 
system 1 including an ignition coil 10 according to the present invention. 

Ignition system 1 is composed of a control circuit 2, which is referred to as the primary circuit, 
5 and an ignition circuit 3 which forms a secondary circuit . Primary circuit 2 and secondary 
circuit 3 are coupled to one another via ignition coil 10, which is designed as a two-spark coil, 
primary circuit 2 including a power supply line 4 which connects a terminal 5 of a battery 6 of 
the motor vehicle to the end of a primary winding 14 of ignition coil 10. 

Between battery 6 or its terminal 5 and primary winding 14 of ignition coil 10, an interference 
10 suppression capacitor 7 at power supply line 4 is switched against ground GND. If an 
appropriately shielded ignition coil is used, interference suppression capacitor 7 may be 
omitted in an alternative embodiment. 

In addition, primary circuit 2 includes a transistor 8 which is wired up to the second end of 
primary winding 14 via a terminal 9 and which is controlled at the base via an engine 
1 5 management 1 1 of a drive engine of the motor vehicle. 

Primary winding 14 is wound up on a coaxied coil core 12 which may be made of iron, for 
example. A secondary winding 1 6 of ignition coil 1 0 is wound on top of it, the secondary 
winding being part of secondary circuit 3 and one end of the secondary winding being in 
contact in a known manner with a first spark plug 1 3 which is situated in secondary circuit 3 

20 between secondary winding 16 and ground GND. The second end of secondary winding 16 is 
connected to a second spark plug 15 of a drive engine representing a gasoline engine, an 
interference suppression resistor 1 7 and preferably an interference suppression inductance 22 
being situated in secondary circuit 3 between secondary winding 16 and second spark plug 15, 
and second spark plug 1 5 as well as first spark plug 1 3 are wired up to a contact terminal having 

25 a ground potential GND. 

In a design variant, interference suppression resistor 17 and/or interference suppression 
inductance 22 may possibly be omitted when a correspondingly heavily shielded ignition coil 
is used. 
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Figure 2 shows a schematic side view and a half section of the first steps for configuring a layer 
winding of primary winding 14 of ignition coil 10 which is essentially configured 
concentrically symmetrically to a symmetry line S shown in Figure 2. 

In the layer winding, an electrically conducting wire is initially wound up on a winding core 
5 which forms coil core 12. A first winding layer 14.1 is formed in that the wire is wound in a 
first winding direction A firom a left end of winding core 12 to a right end of same as shown in 
Figure 2. 

Starting from the right end of winding core 12, as shown in Figure 2, the wire is wound back to 
the left end in a second winding layer 14.2, which is situated on top of first winding layer 14.1, 
10 in an opposite second winding direction B. 

Starting firom the left end of winding core 12, as shown in Figure 2, the wire is subsequently 
wound to the right end of winding core 12 in a third winding layer 14.3, which is situated on top 
of second winding layer 14.2, in a winding direction C corresponding to the first winding 
direction. In principle, any number of layers may be built up to form a layer winding. 

1 5 Figure 3 shows a schematic side view and a section of the configuration of a shield winding 1 8 
of ignition coil 10, three winding layers 14.1, 14.2, and 14.3 of primary winding 14 being 
applied to coil core 12 of ignition coil 10, as explained above on the basis of Figure 2. 

Shield winding 18 is to be placed between primary winding 14 and secondary winding 16 of 
ignition coil 10, secondary winding 16 being woimd up on top of primary winding 14 in six 

20 winding layers 16.1 through 16.6 in the present exemplary embodiment. For forming shield 
winding 18, top layer 14.3 of primary winding 14 is used as the layer of shield winding 18. For 
this purpose, top winding layer 14.3 of primary winding 14 is electrically severed via a cut 
fi-om its bottom layers 1 4.2 and 14.1, which form the actual primary winding 1 4, at a separation 
point 19 shown in Figure 3. This creates two fi"ee ends 20 and 21 of winding layer 14.3, now 

25 representing a shield layer, a first fi:*ee end 20 of shield layer 14.3 being connected to ground 
potential GND. 

According to Figure 1, the fi'ee end of second winding layer 14.2 of primeuy winding 14, also 
created by separation point 19, is connected to terminal 9 which establishes the connection to 
transistor 8. According to Figure 1, the fi-ee end, i.e., the start of the wire of first winding 14.1 . 
30 of primary winding 14 is connected to battery 6 of the motor vehicle via terminal 5. 
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This configuration enables continuous manufacturing of primary winding 14 and shield 
winding 18. During the layer change, the wire is held in a holding device 24, which includes 
insulation piercing contact receptacles. Cutting of the wire at separation point 1 9 of top 
winding 14.3 and contacting take place after the winding process is complete. 

5 While first fi-ee wire end 20 of shield winding 1 8, created at separation point 19, is connected to 
ground GND, other wire end 21 of shield winding 18 is secured to ignition coil 10 in an 
insulated manner. As a rule, a one-sided ground connection of shield winding 1 8 is sufficient 
for effective shielding. 

As an alternative, an additional top winding layer, which is used as the shield winding, may be 
1 0 applied on the primary winding. 

It is irrelevant whether the actual primary winding has an even or imeven number of winding 
layers. In the event of an uneven number of layers, the wire is initially guided along the coil 
core fi-om one end straight to the other end at which the actual winding starts, now again in the 
direction of the start of the wire. Here the wire is wound over the wire section which was 
1 5 guided to the back. 

A shield winding according to the above-described manufacturing method may also be 
implemented when the primary winding is situated extemally or concentrically on top of the 
secondary winding. The wire, initially guided straight to the back, forms the shield winding 
together with the first winding layer of the primary winding. The wire is cut after the first layer 
20 is wound up, so that the other winding layers applied on top again form the actual primary 
winding. 

In principle, the manufacturing method according to the present invention provides the 
possibility of implementing an additional winding in the ignition coil. The described 
embodiments of an additional winding do not inevitably relate to only one shield winding. 
25 Similarly, other auxiliary windings may be created based on the same principle, such as a 
winding for premagnetization of the ignition coil. 
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Abstract Of The Disclosure 
Described is an ignition coil for a gasoline engine including a coil core on which at least one 
winding layer of a primary winding is wound up, on which in turn at least one winding layer of 
a secondary winding is wound up. At least one winding layer of shield winding is situated 
5 between the at least one winding layer of the primary winding and the at least one winding 
layer of the secondary winding. Furthermore, a method for manufacturing such an ignition coil 
is described. 
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